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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device, capable of improving the characteristics and 
reliability of an element by improving the problem of dual 
metal gate process. 

SOLUTION: The semiconductor device is provided with 
an n-type MIS transistor, equipment with a first gate 
insulation film 20 and a first gate electrode comprising 
an MSix film (where M represents a metallic element 
selected between tungsten and molybdenum; x is larger 
than 1) 24 provided on the first gate insulation film, and 
a p-type MIS transistor equipped with a second gate 
electrode comprising a second gate insulation film 20 
and an MSiy film (where y is larger than or equal to 0 
and smaller than 1) 21 provided on the second gate 
insulation film. 
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I S h7>j;'X*r<t, m2©y- hiffii»M2 Oi. »2 

<D^-hmmm±icm»htitcMs (/c/cu. o 

^y<l) 2l^^t^m2(D^-bmmt=S:mPifcp§S. 
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1 

umm I] mi ©y- i-mmmt, mam i ®^*- 

> 1 ) *$ty||l©y- hSffii, *mfcnMMIS 

We>n/cMS i , HS (/c/^cL, 0 < 1 ) *^tf||2 
©y-hmSi, =£«;?.JtpMM I S h5>^:>X*i, 
«rfll^fcCi*!^m<!:irS^<*«ie. 10 
Cf»*«2] x^2t?*€,Ci*!|#ilti-rSiS*31HC 

[it3J?:S3] mfiBmi<Dy-HI&*, piiaMS i, m 
±t,cm~f htimim Si, MJ; «3 ibJglrt^cDffiti^SM 

mm., 

±ic. MS i, m (fetch. M»^?>yxf->sy;-ty 20 

in^m5] mmAs i. M^j^jSf 5xa«. miB^ 

1 ©Mi^F^oM s i V i^{;:~> y 3 Slfi 

f^S(Cj;ot:H«iBlll©Ml^F«J®MS i, ffi^HU 

im^me ] mnms i « M±{CHuteMs i . mj: 0 
omimom 1 ©y- n^i^KiscKpMM i s h ^ > 

i>Xi?*i0fS$n-sm2©Mlirt©»2©'/- 

±{C. MS i. 0 (;fe/cL., M»;S?>rJ^Xf->Ri>'*'J 
:/f^>©ct>*^e>jSjE;?3n/c^feS7C3^. x> 1 ) ^JfJfiJcT 
■SX«<t . 40 

mnEm2 ©Mi^F^©«irfaM s i . m^c^ws n/c-> y n 

>^:ttmbrm2©«iJ|{rtiCMS i, mitctcL, 0^ 
y< 1 ) %?l5fiR-r-2.xe<i:. 
^fiiTLiTc C i ?r1f mi -r -£>^liS»{*^g©Slf3S:^-ffio 
[i«*^8] BtrtBMS iv K^J^ER-r-SXfiW, g?§3l^ 

2©«BJii^©Ms i. m±ic^mm^mmt?>iLmt. 
mi&mic <fc r MiB^isig^Wie^ 2 <Dm.m\H<DM s i 

. )ffi{C^JiS$n:rc:^-y =i>iSr£;$-fi-^Xfii?r$tJC 

t^'^m i l--&it1*5i 7 (ci3*g©^--HSf*^s©iijt:^;- 

so 
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mmm 1 {ciB*g©**fl:«g©$iBt:^sfeo 
[0 00 n 

h 9 >y >^ ^ <!: -cs^c s h w^^m^^^fc^mwmm. 

[0 00 2] 

MO s F E T<owmitK.W'ox. y- h 

^{bSS (# gate oxide film #) iV-hmmM 

(# gate insulating film #) ) (DMMiWMHi h 
nrt^S. 5 0 nmJi(T©y- hg^Wf^SM 

OSFETf«, ;|t§ 1 nmge[©®es?>t:»C»y- 
{l:)!i*5i^>^<!;)i§„ -e©ilH©— :3i or, y- 
<i:brffll^-£^*$^i^y 3> (# polvcrvstalline si 
licon #) («T. !i<y'>y=i>(# polysilicon 
#) it^^Ji^^^S) ©^-fk (# depletion*) 

€>n-So c©d< y y 3 xo^^iUfiu < 

^t-»fc, t,»t)«9)S^:»;L'y-hSS«ji©MOSFET 

(M I s F ET) diziasnrti^.. 

[0 0 0 3] oA^o, ir'-hmmtLx immo^^ 

y- hmffi©(±*M?a (# work function #) 
*inSMI SFETipMMI SFETir^OOfe 
So ^(Dtcifo. 4<y 5^y3>y- h©<J:^(CnSM I s 
FETipMMISFETi-cy-h mfiB©(±*M^St* 
^%6-&SCi*s-C#-r> L.*t>fll«EE (# threshol 
d voltage # ) ^miEit-t tm^icmh < U 
-5, 0. 5 VUT©(i;l-^L/tCifiiSII<feSI^-r«> 

ytA{C». nSfM I S F E T©y- h«ffi«:»f±*M8i 
*S4 . 6 e V«T. MS 1/ < « 4 . 3 e V«T©Wif4, 
pMM I SFET©y- h«»C»{±*ra85[*54. 6e 
V J':^±. Si S L < « 4 . 9 e V Ji(±©t^l43!)^itl'^ i 
i>. ^(Dtclb. y-h«ffi«:nMMI SFETipSM 

[0 0 0 4 ] 7^aT;l'-><5?;l'y- F7'0-fe;^T«> nS 
MI SFETipSIMI SFETi-cy- h^S^SlJ^/ 
tcj^^-r^)!^:'^*!*^. ^(Did^. nM&O'pMMIS 
F E T*i0^5nS«iS*^t?^ffl«:— :3^©M I S F E 

T (m«nM) ffl©y" hsw^*4)P=&jfjf!S;o, -e© 

t^fffe*©MI SFET (m«pM) *5?f?;iS$n-5.$I 

i^i^©y- h«ffiivf*4)ii©<^^^3atRW«ci^iu, ^©f^ 
r{fe:)7©M I s F E T m?L\t9m m<o>f- vmmm 

[0 00 5] nMM I S F E Toy - l-'SffiM 

Vtl^l.-XDs-yz.^h.'mm. pMMISFET©y-h 
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[0 00 6] L/*>L/^C*S6. >'^7^■5i^^{l:!^^^<Dy-- 
{C. pMM I S FETff^^MiScDy- HKMtMibi-;;?^ 
(Cffll.>€>WtS?§S'J^C i iC ^> > p MM I S F E T^fiSMfaS 

(o^-vi&mmifimsin.xbt.'j. b/c^s-pt:. id^o lo 

[ 0 0 0 7 ] s/c. t;£*«'pf5<!: ur, iti^siSii; 1 , 'mm 
■xmz^ufmnsiM.z tc«. hmm i s f e Ti pmm 

t>>i';^-r>-> F (# tungsten silic-ide 

#) m-C^m^ (# 1nipuntv#) *'r:*->?EEA (# 
ion inplantation #) f -Sxtt^ 

f ^Ct>^, nSlM I SFET©:SJ>*^;^f->'>yi^ 20 
K)S{CtinMTif«!^*-/:t>aAL> pMMISFE 
T(D5f>tyXT->V"J-y--Y Km«pM^FM!^%'f:*-> 
aAfSCit?. nMM I SF ET©y- h«®<Df±3*f 
Kt5:<t P WM I S F E T©^- h«@©{±*MISi*S 

[0 00 8] LffiVfiifi^, ^ > if h'm 

fp(tC'{:i->mxic^-:>x^m'^^mA-r^tc^. -^^^ 

[0 00 9] 30 

mrnxm 1 ] 'mmw-s -13021 e^&m. 

[0010] 

[!|#n=xi!R2 ] - 1 5 3 8 0 4^^m 

[0 0 1 1 ] 

mff:Scm3 ] iNFig¥9 - 24520 6^^m 

[0012] 

[^BJ*ift?^>iUJ;^i-r-5SS«I] COi^tC, nMMI 
SFETipMMISFET.!: vm>>tiCi±mm^i>i^tj: 

tc n MRo' p mayyFmm^ ■< t >aA-r c ^ j; tj ^ 

nmM\ SFETipMMi S F ETiTy- 
14*i{6T-r <!: t> ^5 Mj!I*i*-5>c 

[0013] A^^mkt. i.um^(Dmmcm^xtj:^i^ 
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:fsm=kmi^ti>ct^mmti,x\.^i,, 

[0014] 

HI oy- hWtMi . BuisH 1 ©y- h«giitM± 

0'*';y-^>©i|J*>6jS)?3n/c^7C*, x>l)* 
^tsmi<Dtf-VmUt. ^fii^fcnMM I S h7>t;> 
»2©y-h^M<!b. MIBH2©y- biffii^ 
lg±«:iS:W6n/cMS i, )BI(/c/cl/. Ogy<l) * 

[0015] *^BJ{C<J&S¥**^«S©$S{ii;^W, n 

nSH2©Miirt©ll2©y- h^ii^li±{C, MS i V 
(tctcL. M»^?>y;^-f >RO'*';:/7-'>©tf*^'=> 
3Mi;?3n/-c^7cl^. 0 ^ y< 1 ) *fl5^-r.5Xig<t. 

B!ii2» 1 ©siiSF*3©H«iaM Si, js* >; 3 > i 
i*r0i ©^tSi^tcMS i . jes (fcfc-b. x> 1 ) %p 

[0016] ^Hmicm?>^i^msi<om&-miit. n 

MM I S hv>J^;^dr*i0fiRSnSI|f i©M^©liri 
©y- hiffiiMtM±RO'pMM I S h^>yx$*JJ^^^ 

nsm2©«igtrt©li2©y- hitei»^«c. ms i . 

jltR$#T,/c^7C«> x>l) *0RE-r -SXei, BuiB 
m2©^tSrt©griBMS i. M(c^*$nfc5>U=i>* 
}fttHL.rm2©tiJg{rt(CMS mitctcL. 0^y< 
1) *0fiR-r€.Igi. «:ffll;?.fcCi%iRF8S[<i:-r-5. 
[0017] 

[^BJ©*JS©0Sg] «T. :*:^BJ©ll)!i6?^Sg*Sffi<& 

[0018] (mmmn^ dmi < a ) ~s e < r > 

*^?9©» 1 (ommmicm^M i s f e t (m i 
s h5>i>;^^f) <Dmmj:mi7jki^fcmmmx$)^. * 

^JfJSi», ti*3t5)^y-v"» (# danascene #) 
y- f-tej|54:ffit,»-CM I SFET4{^li-rS«>©r* 

[0 0 19] *-r« SI (a) (c^-r^^K. 

ffll^r^^^St {# JR-?-^Sf= isolation #)m^ 

mmtLx. mw> e n m?ia©y-- hgi^tii 

(y- 12, J13 1 5 0 n mflS©^ U U 

3 >M 1 3 Riyfff $ 5 0 n mSR©-> U 3 >^{bM 1 4 

*^6^f€.aii (# stack #) mm=&, mimm, c 

V DtS^K, V V y^ 7 ^ -IS^ISRO'R I E*^'t15*ffll^-r 

m%ti>. m^^x, ■< t^i^Kmnvum^^x , s-^xt- 

>fya>WiSm (# diffusion layer #) M«l 5 
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mmmoy-brnm (# side wan #) Ml 6*. 
[0 02 0] ;^{C. 01 (b) CC^-Tcfc^^C. 

mOiyV-^-^ F (# silicide #) li (^J^ttn/^';^ 
Mtli|<^C^S;^';^A;Sr. Oi-rn4> 1 x 1 0 ^ '/c 

±cD F-x*r-Y:*->aALr*5<o cne>cDF->'0 

[0 0 2 1 ] :>:ic.. [12(0) CciK-TJc^Cc. nr^.^feSS 
M (# interlayer insulating film #) 1 9 i L 
Mx.«>>y r3>^^bM*CV Office J: -oTilW-r 

^S^b-r C <b r . U =3 bM 1 4 RZ^ty U >^ 

[0 0 2 2] 02 (d) (fC^jk-r J: 

r3>^fbMl6^>. ^y^'U:3>Ml 3cDS$fiS^r 

1 3«r. Ura^^iMl 9S!>'y-h»iSISl 6CC*fUr 
[0 0 2 3] "XK. S3 (e) tC7j^^J:^(c. ^K^CD 

occt^. «?iJx.«s^V3>s«i o^^^{b*r'2>t:i-cf# 

iDn/c^'y:3>^fb«S^ffll^'E>C6^5^#-2>o ^/c. c 
CT)^' y r3 >^^bM<?:>*ffi«:^:7*'^X"7tCj: or 5 
^fbU/citSi^JK?:. y-h^liS2 0<!:Lxrffll^rfcJ: 
C^o ^6CC. tlTicai-<SJ:^CC. (# hi 

qh dielectricconstant film #) ^ry— M6!H^IIS2 0 

[0 02 4] y-hi^^J!i2O0Cffil^^iS^«f*«tC 

^2^mXM\%. HfCU <tNH3 ^fflC>/cC 

VDffi. WtSJ^COH f ;^/X^fflCi/cCVDffi. g<;lH^^^ 
>'::^'?A^{bi^O*r--yu; ^'^'i; ACDi?-^ h 

4^ C ^ X /^• 3? y > C ^ r M 7 j::. »i; AS{ bis?: 

j^i^ju. ^o^^r^^7::.»^A^^bM*B$^b•r'2)C^cccI: 
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^.:7:r.»^A^{bMc7)JSii¥7!>W<^cC'S>tconr. ^H^fb?t>5 

^:'d?y>yffirjff$;?£^^i#^^^. >^>'^*^:; a^^n/c^N:?^. 

'i?A'^>'\-7:^»^A^|bJKJ<D3Bi^©x:^ 1 0 0 e 
V«T. M^L<(*5 0 e V«TCCf ^C<b:6^M^U 

yr3>a3g'-.x>'^••;/t>^KET•*sAl^jAt^J:^^c^j:0. 

[0 02 5] ^XCC. 03(f) CCtSTJc^CC, ^ 
>li (WM) 2 l^^ffiCCffJ^f-^o CC0^>^X7^> 

M2 Kommt,. ^^m^^tx^^(r>^\xu\<^-m. 

^'N'-:^ ^3^n/c^>^;^T'>t4T-<Dx;^;b^'-j|r 1 0 0 e 
VtiT. M^L<5i5 0 e VtiT^C-r^CcbT&^S^b 

;U=^'^^C-r^C<b-C. TtftOy-- hSe^M2 0--^>^ 
[0 02 6] ^^CC. 04 (g) CC^-TJc^CC. ^ 

y>^ffi. cvDffi^c^(i^:ffiffi*ffli^r. ixyn>M 
2 2^^fficcff5^-r^p s/y3>M2 2cDMms. 

<<h^>:$f>^:^T'>M2 lcDli;iJ:J9feff<T-2>o t 
/c. i^y n>M2 2CDMil(^. f^^T^i^i^JTMSCCf: 

3 0 nmfiSt(T<t'r€>Ci:^5M^t'C^o ^/c. a? 
>^/X'r>]S2 lCDff$JaX^:^>62^Ur3>Jg2 2Cr)»$^ 

30 S«*«l}#-r4Ci7&^M*H.^o t$f>i5/X7^>||i2 1 i 
>>y :3>Si2 2<h(Z)raCC^*7!)i??aEf ^i. mcD^'yif 
-f-r — S^3> (# silicidation # ) XSCC^JC^ri^ 

[0 02 7 ] 04(h) cOXfiCC^tf-T'So & 

04 (h) t-^^^^. 0cDf^:^^oT:feffJj^^n^MI S 

F E i:K^mm. iam\x p mm i s f e t jfj^xsit^i ^ 
^ kmmm^nm . *x®-c«. yvd/^>'-<--g^ 

pMMI SFETMi^<DA^:05|aPL//cUS;^ 

X h 2 3 (^)>'>*^->*ffM*r^o 
40 [0 02 8] ^^tc. 05 ( i ) cc^-Tcfc^tc. us;?;^F 

23*Vy;^<bL. Mo^>^y;^f*>K2 14j:>:;^> 
F •:'>'^•-^Ur. t^y n»g2 2<DF'^'Yx->^> 
y^rfT^Cir. p^MI SFET^iS02^yn>ie2 

2cD<;^^iSf;?wtc^*-r5c coi^. y-him^M2 

[0 02 9] ^>CtC, 05 ( j ) tCTn-Tct^tC, F 

2 3*wm^^i?^c^ri^**rSo c<D»$^. 

gi2 0i3:i5?>^7>r>M2 HcSt>nri^^/cii>. 
50 i§iflf»J>iatciB3n«ct=»"C-rtf« -e<Z)f*. mfL\tSL%ii:K 
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r . 5 0 0 "c- 6 0 0 vmSL<DU&vmmm^n ^ o c 

)5i2 1 n>Ii2 2 iSTSOr. ^>^^XT->t^U 

It-i^ KM (WS u 2 4?0^ff^^^n^o 

[003 0 ] ±ifif^jO;ii^cj;'^r»^^5n'S^>i:/x7" 

(Dmmf)K S*b<«2 0nmJ[>(T. <i:OS^U<^Jl 
0 nmtiTiJtc^i^iC. ^>^Xf->Ji2 1 ii^U n 

[0 03 1 ] ^fc. mMm(^C:hl>X^mLrj:'fy^-yfc^m 

:3>Jg2 2^ K^^x.>^>^^CCctor31JR9^m* 

cr>i^';r3>ja2 2^^br*5C^rfccfcc^o ^>;;/ 
]g 2 1 so's^ u =3 2 2 comf&mumRz^immmm 

[003 2] :$7>i5^;^T'>^'yi^-r KM (WS i 

« m) 2 4CC:tet:t^^'»;=i><Dffi^i:t (# compositio 
n ratio #) ( ^"J n >j^^^(DJ:b^) ^>iJ/X 
T*>5^U1^-Y FJg2 4iC*5C:f-5t5?>i5?^XT'>CDffiJiiy:h 

^Ct (x^2 ) 

[0 03 3] ^X^c. 0 6 ( k ) tcm-TJ: ^ (c. ^? >^:^ 

>^!/Xf*>>-';t^^ FM2 4R(>'3?>^/;^f->Jii2 5<D 
CMP^tT^o cntcj:f3. nMM I SFETMi^coy 

f'>m2 \ mj^^iy^7.'ri^m2hi^. ^n-ena«)ii 

[0 0 3 4] J^±<DJ:^tCOr. nMMISFETrti 

h«ffi<D«T« (y- h*ftiis«2 otcST'SaB^) 

j^5i$?>yXT->i^Uif FM2 4-0*0. pSMISF 
ET-C(jy--h«ffiCD«T® (y-h*fii»li2 0tcS^*r 
?&5d7>i^;5;7=-»i2 ir*-StBtiS (# comp 
lementarv #) M I S F E T (CM I S F E T) J&^ff 

[0 03 5] I37«. WS i. Bl (gcC>t*WS iv IK) 

>^;^f'>M(WpJ (DiS^^C^i. (i-^lia5^[^*4. 7- 
4. 9e Vaa-CftSo f±*MaJ&ii|ig«:Jf-:>rii«>0 
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ila^^^'iiffi (# crystal orientation face #) 

[0 03 6] ^ly^Ts'T^lyly^)'^^ (WS i. K) 

«^c*>t:r^^>^X7">(DM)SJ:bJ:0 fciSC^iS^, "t^f 
*D-fex> 1 cDiS^ccti. :5?>iJ/;^7">i^yif ^ FJK(Df± 

4, 6 e VfiaWTi^c^o -rrtcai-O^cJc^^C, nM 
MI SFET(Dy- h^ffi(D{±*M3S:«4. 6eVtiT 

10 ^crhcttm^ti^i^o Lfcf)^'DX. K>i tr^ct 

X. nMM I S FETcoy- hm@tCaSL/ca?>^X'r 

Ltc^^-oX. x^2 ^-r^CtX. nMMISFETOD 

[0 03 7] ±i&\^fcmmi^X\t. pMM 1 S 

20 FET(Dy-hSSCDSTB(Cd?>i5^;3;f^>K (W)g) 

2 1 *flac^/c;^>^. ^>y:^f^>li2 lCDKiD0ic3?>^ 

XT*>yi^-Y Fjsi (WS i V m) ^m^>^cti>nimx 

pMMI SFETCDy-h^CD{±*^?^tS4. 6eV 
<l<hT^C<5:r. 4. 6 e VSa«±<D{±*BII^*W 

-r€>. pMmi sFETc^y- hm@(cjio/c^>^x 
T'^i^yi^^ FK3^^5ff 6n^o o/cT&^or. p^mis 

30 FETcoy-FaffiOc^*. :$?>d/::^f*>M (y= OCCS* 
CcO cDffi. ^>^X'r>';if ^ FM (0<y< HC*f 

[0038] Ki±<D J: *:|llfeff5SStCcfcn«. nM 

M I SF etr?>'pmm I s F E T-en-en(^y- f« 

fficDf±*MI^4«Ji{b-r^C(bCCj:J3. n^MISFE 

TipSM I sFET^n-enouirc^fiisaE^SiEft 
[0 03 9] */c. *iijfeffjssccj:n«. y- hiffe^M 

40 ^^bJ&C^/cJb. y-Fi»i|»«tD«m3!>iSe*(7)<i:5tc»> 

y-- h*fii»M<7)ftiH4oc«n/cM i s f Ex^^f^ 

[0 04 0 ] */c. :$?>^X7^>^. y-* hitfeJl*^ (# 

cc^'yn>BSfb« (s i Oa «) ^^'';r3>g^^{bBi 

(# silicon oxi nitride film #) (S i ON 

50 «) ) «tca;t5cL/«c*fc*. C<D,#>6>4>y--F*fii»)« 



C6) 

9 

(Dmm^icmtitcM i s f e t c i *s njte t rj: 

So 

[0 04 1 ] iaib/c^e (k) (DJimvnm-t 

[0 04 2] *?t, 06 ( k) ©mCCfcC^-C, 3?>y 

iom^b nmmmmo, '^(Omv^>if::^-r->m2 10 
5 *ff5RX-r •& J: ^5 L r cfc C ^ o 
[0 04 3] Sfc, S5 ( j ) cDISCCiJO^r^Mffi-C 

m^icit. me (k) <DXSK:*j(,»-r;Sf>^^;:^7='>M2 

*J©J^'; 3>M22 <!::S?>i?^;^T->M2 5 <b ^JSIIoS-y- 
^kliCfrnM^n o -CS^IPJOD ^";3>|g22<!:9=^4f><i:i& 20 
[0 044] $6{C, ±i^U/i:I^SgilfJSg-C«. p^MI 

sFET<D-y- vmm<DWTm^^>if:^7'>m2 i i 

nMMI SFET©-i/--h«ffi©«TJl*4»>i^:^ 
■?->i/"J1f'f h'M2 4 iL//c75s. pMMISFETOi^' 
- hS@©ST@^^ y 7'f^>K<b b> nMM I S F E 

TCDy- h «g®sTB** 'J KietL 

<D^\St^7n-tCtifih, — JKWCC*^«. nMMISF 
E T©y- h«S«:-o(,iT{3:M o S i .li ( X > 1 . J: 
»3a*L/<Wx^2) pMM I SFETOy- f-^ 
gCcot^T^MoS iv li (0^y< 1) *jSffl-rSC 

[0 04 5] (.'mmm2) ms (a) o ( i > 
^^m<Dm2(Dmmmmmi,mmwmm.<o'mrt3 

[0 04 6] 08 (a) tC7F-rJ:^{c, ^fl^=^l^t 40 

ioo±{c, iy*)zx:ym.imi 0 2^mi&-r^. m<>^ 
■c. 5^«j3>i!fhiii 0 2±tc> ^*ss^";3»iio 

[0 04 7] ^jR:(c, la 8 ( b ) cc^-r cfc ^ (c, ^ittas^ 

";3>l!il 0 3^r^:^ttx-;,5^>yL <# Isotropic 
etching #) > ^^5 -y- hmffi^J^^f*, 

n^M I S hv>i?Xi?A!iJ^^3nS$IJ^ (nMO 
SSfltsli) CctJAs* 'f:t>^:'f :j->aAL/. pSM I S 
h^>e;>;^*ASJ^RS3tl4«l|8 (pMOSfiRlS) tCWB 50 



#^2 00 3-2 5 8 1 2 1 
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* -l':t>>lr'C3t->!iA-r-g>. 5 6(C. lOOO'C. 5# 
— SI5i)^tSJi£tS/l (# diffusion layer #) 105 

[0 04 8] 08(c) (c^-r J: ^ tc, 5/ >; 3 > 
^{t«s 1 0 6 >; a >mim i o 7 4:^H(ciis-r 

mm.±icmnmciyv 1 0 eso^i^-j 

^t)®io74^-r. m>x. nMosmmticitP' -^t 

>aA-ri>, 36{C. 9 5 0'C. 1 0#©l»Ma?:Sfet- 
ciicjcor, v-;^ • PU'f>ffiJS©-g|5<i:/j:?,&l5t 
@ 1 0 8 ^ffJfijJ-rSo 

[0 04 9]^X«:, 09 (d) K^-rJ:^{c. ISfSiKSi^ 
(# chemical mechanical polishing #) (CM 

p) ic^r>xmmmmmi 0 9=s:w-mitL. ^m^iy'j 
3>lil 0 3©^H^si±is-a--5. 
[ 0 0 5 0 ] 09 (e) 4cjSTJ:^tc. ^*Sb^s^ 
0 3*K5*t> 5^{Ci^t;3>®?|b)g|l 0 2 

^^*-r-5.. cti(cd:o> j>y=j>s®i 0 oRo'i^y 

[005 1 ] 'AiC^ 09(f) (CTj^-Tcfc-SW:, T'-^Xv 
K^ffcfttc J: , »©JSIH5tC, hi^M 1 1 0 i 
rUlii"; n>^^itH (# silicon oxinitride fil 

m#) ^nmr^. 

[0 0 5 2] i>:«C. 010 (g) tCmt-Jr^tC. CVD 

ffifcio, ^ffi(c;^?>i/xf->->>;-!J-'(' KS (wsi. 

«) 1 1 i^mmr^o v->^;</x<hL.r«. m«> 

W (CO) . SCXS i H4 S6(C, CMP^ 

r. SraMl 0 9©affi«rStH^1±S. 
[0 05 3] 010 (h) tc^fJr^ic, 
<fcLr5'>i''X7=->li (Wli) 1 1 2'&^BSC««-r 
3^fC. PMOSMJ«m©if>i^X7^»®l 1 2 

[0054] ^^(c. 010 ( i ) {c^-rjr^tc. m« 

yx^>j^ FMi 1 icfi©s i 3&si?>i^;^f->ii 
1 1 2fflJ{C«tliStiS. ^©ism. pMOS«U^r», 
nMOSM^©^>i^Xf >i^';-t>--f KMl 1 1 .fct^ 4> 
s i?«K*m^^'>iy;^7=->->yiJ-'f Figli 1 3*50fiS; 
3n?>« ^©f*> 3S^/c$f>i/;^f-»iii 1 2*i^*-r 

SCi-c, 010 ( i ) {c^n-rct;^>5Jfltjt*5?#en-S„ 
[0 0 5 5 ] C©J:e>(Cb-C. nMOS h^>P;^5'© 

KIBIl 1 lifflt^ pMOS F^>*^;^tS»©y- 

hfligtciita**ef)ii:tt*M^©ffii.> 5? y ■^^ 

KMl 1 34fflCi/cCMOS F-5>i^;^i(^Jf^Ci 



11 

[oo56]Sio (i) (Dmmmi:m<D^m^m^^ 

Xf'>s^ij1f^ KM2 0 3 (Jl^ 1 Onm) ^SO. S 

fli2 0 4 (;i$4 0nm) ^i^fS-T-So MC^T. 
;?;7">^^';if-Y KM2 0 3R2>*^>iJ^Xf'>M2 0 4^ 

#ffl»4i^4 5 0-6 00 "ccowLmmrnxmrnm^n 

C\ t$f>^X7">e>yif^ KM2 0 3*OS i ^r:Sf>iJ?^ 
X7='>lg2 0 4tcj:orttffi-r^>« S6tC. ^k^i^^ 

CDg^:^';:^#ilM*r 4 5 0 'CcOlS^^ffi^tf C<DJ: 

[0 0 5 7 ]1112^S. CCD<±9CCbrf^$iL/cM I S 
Jt#14 ( a ) . ( b ) . ( c ) SO' ( d ) 

nj^iSffise^* 4 5 0 u 5 0 0-a ssomo'so 

M2 0 3SCK^>^:^7->M2 0 4(Dmmm^i:^-ti> 

[0 05 8] ^OJSm. 4 5 0 ''Cr^JfLS^tf -:>/cSll 

J0iSag:055 0 O^C. 5 5 0''CR?>'6 0 O"C<tif»0-r^ 
0CL'/c7&^':>rC-V#i4ti:6:)3f^CC^:7 h 6 0 0'C 

Ul:^'^ F^iy--h;te;^M<tcDWS (# interface 

n)imx\t. F)®/>i^>i^xf* 

[0 0 5 9 ] ?:c*j. *^ffJSgoc:fotir4>. ^>^Xr 
KM (WS i. BSm^tiWS iv «i) ^C4c5t:t 

mxmbtcmi tmux$>i>o utct^-yx. n^Mis 

FET<D^>^:^f'>iyVV'^ KHS (WS i . m) X 
x> iaib<^3:x^2<t^i:^cfc^^cl-^„ T^cb 

t$f>^;^f^>^'y'9'>f FBI (WS i« «) 1 1 1^ 
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r>\,>x\t. x> imtb<i(tx^2trj::^^^(,C'r^o 
pMMI SFET<D^>^Xr>^'yif>f HJi 
(WSi.Ii) XU. y< 1 i^c^cfc^iCf t-^c*3 
^>^'v^-r>>-';it-Y KM (WS i, M) 1 1 3^c 
-^i^^Xiit. y< I trji^^^^i^ct^. tfc. mi IJSlI^ 
131 2r^U:^c*S:^7&:^6fe^?!)>^J:^^c. ^JOjfflfiffi^ 
^cj:-:>rti3f>^X7'>s^';i^-f KJ«1 1 l3&5^Mfi^ic 

pMM I SFETCcoc^ri^. ^>iJ/Xr>>^yif-Y K 
10 Hi (WS i V liv 0<y< 1) 1 1 3(DRt>K^(^^>^ 
Xt'>M (WM. y = 0ic*fjj;;) %fflc^^c <h:?!?5pj«6r 

[0 06 0] «±cr) J: ^^c. **Sg0SgOC J:n«. n 1? 
MI SFEmcKp^MI SF ET^n^ncT^y- 
e(D{±^M^5:SJ®{b*r^C<biCj:0. nMMISFE 
Ti pSM I SFET^n-encDL^l^fflHOE^jgiEfb 

[0 0 6 1] ^fc. :^mmmmc^tiic^^ vmmm 

MI SFET*ffig'r'5C<h:^5oJtl<h35:^. 
[ 0 0 6 2 ] :^cC4c5. ^>yX7">5>y 
it^ KMi 1 i<Z)v--;^:^;:< (^Mffl:^x) iurw 

(CO) 6 &?>'S i H4 ^mi^^fc:^K '^(DV-:^tf:^(iC 
30 WWFe ScCit^WC le S i <DV-X:V;:<{C5^S i 
H. CI, . S i C 1 , ^miS i F4 *«C^-5C<bfe 

[0 06 3] */c. *:*Jfefl^m*3C^r. ^5?>i>^Xf-> 
S^yif-Y KMl 1 1 4i{c'J> (P) ^iH^b^ (As) 
:S:^mSii:^<t:^(fCLXi>^i.\ P^^m^^^m^t^c 
lit. P<DV-X:^fXiUrm«PH, «:fflt.^n«J: 

m«AsH3 «:«t^n«J:l^c ^>i^Xf*>e^ U 
K)li^cP'?>As^c7):^it«i^*^W$i±^c:<b'r, 

[0 064]*/c. :^mmmi&Xitt. ^>^:^v^>t^V 

Fiai 1 1 i^>:5/x7^>igi (^mm 1 1 2*s 

itCPi. Pd. Ni. Co. W. Mo. SbRO'BiO 

[0 06 5]$ ^^SfeJi^SgTt^. nSM I S F E 
Toy- hmffiCC:5?>yxr>Sxy^/^ FMl 1 1 ^ffl 
50 p^Ml SFET0r)y-K«®C$f>i5^;^^>^'y 
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>e^y-y-'f KMi i i ©f-^tj^tc^UT/f^^e^'j-if-/ k 

Ci*3nJ«lr*.S. MoCDy-:^;^';^(c{i. Mo (C 
O) s , MoFe gclHJMoC 1 , *ffl(,i?>Ci*Snl#e 

S i <Dy-'Xij'Xt,ai^ S i . S i c 

1, , s i c 1 . ^c^«s i ^mi^^ctAmmv 
*€>, K)R(c-Diir*>> a? lo 

I S F E Toy- hm®c-^i,^-C«M o S i . M ( X > 
1> j:0a*b<«x^2) pMMISFETCDy 
-h«ffi{C-ot>-CWMoS i, )BI (0 ^y< 1 ) ^rSffl 

[006 6] «±, *^BjCDj|]!i60!^*SiB^U/c*5. * 
[006 7 ] 

[@S(Die#%c|^B^l 30 

[s 1 ] :^^m<om 1 ©iisfeffjsicc«^^4i«f*^gcoi5i 

[0 3 ] *^B«©ii 1 o:>mmnmt,cm^^mi^i^s<Dm 
[134 ] 1 <DmmBmic%i>^m{ms<Dm* 
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: j*Xli(coc^'r-€-©-g|5?:^nL'/c»fffiHf 
[0 5 ] :^mM<Dm 1 ©J|)!ifeffJ,^{C^^4izS;#:^a©t{ 

[0 7] WS i. M (^C^«WS i, M) (cteWSxfit 

[08] 3{s:^BjcDm 2 ©IIJSff^^OC^S^^ftSIScOM 
3SXIi(COt,^-C^©-g|5«riRt/c»fffi0-C*S, 
[0 9] *^BJ®||2 ®*Jfe?15fi|{cffiS^|i^f*«B<D»J 

[010] *^B^©02©WSffjm<^^S*«{$^g© 
SSitXfi{C-:)t,>r^E-©-SP*7KL?c»r®0r*).S. 

[011] :^mm(om2<omiimmicm*}. fmm<o^ 

[01 2] 01 lK:^bfcJ:^.^c1«fiS;«:Wr*M I S + 
0-C*.5.. 

[^f■^©itt?^] 

1 0, 1 0 0, 2 0 0-i^';3>»ffi 

11, 10 1. 2 0 1 -m^mmm 

1 2, 2 0, 1 1 0, 2 0 2 "-5r*- hi^SI 
13,10 3-^*S^V';3»i[ 
14, 10 6— Vya^^-ft^ 

1 og-Biai^i^iii 

2 5, 1 1 2, 2 0A-^>{f7.f-:ym: 

111, 1 1 3. 2 0 3- •v5f>i';^^>'>';if'f 



1 7- 
1 8 • 

1 9, 

2 1 , 
22 
23' 
24, 
KM 

1 0 2, 
1 0 5. 



1 0 7— 
1 0 8 -tmm 



[06] 



1 1 ] 



(14 



24 25 



i^MISFET 



21 2S 16 




-19 



pKMISFET 




(10) 
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[1^4] 



(9) ,21 





n£MlSFET 



pSMISFET 




ti) 




nSlMISFET 



pSMISFET 



nSMISFET 



p&MISFET 



[m&] 



m9] 



(a) 




.103 103^ 



(b) 




(C) 



105 

\ 






! 











rMos 



PMOS 



-109 



^^^^^ ^^^^^^^ 



106 



--109 



110 



110 



(f) 




NMOS 



PMOS 
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[attiH] ^fiS 14^1 1^2 9 B (2 0 0 2. 1 1. 
29) 

C^i^^iE 1 ] 

>1 ) *$ty01(Dy-h««Bi. 4ii^fcnSMIS 

m2cyy-hi^mmt, mi3i^2©y-h*e«±{c:ig: 
m^m2] x^2-c*sct*iH«ti-r4s«*3«itc 



y;^5f*i0),x$nsM2©^j^[^®02©y- hiffii^^ 

±fC, MS iv M (.tctcL. M«^?>i/X7=->Ri>'*'; 
:/7^>©tf A^ejMiRSnfc^MjtS. 0 ^ y < 1 ) «rffj 

mam 1 ©MiirtowiaM s i , i^^ -> > i j^te ^ 
•)±rmi©sgJirt{cMs i. J® (^c/co. x>i) *jf^ 

2.fil*^4 {CfB*gO*^f**lil®»!ji:^o 
[W««6 ] WIBMS i . mtJcgriBMS i . BIJ;i3 



(12) 
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(»*^7] nMMI S h7>y;^^'*50^Sn5»l 

(DmrntHo^ 1 <Dy- hmmm±Rz/pmM i s h ^ > 

■/f><D'pi)^^m^^titc^7im. x> 1) ^m-r 
mMim2 ®«j^rt®«fgEM s i . igi^c^ws ti/o >; ^ 

y< 1) ^mf&ir^xmt. 

8] mTKMs iv m^Bmt^xmit, miEm 

[0001] 

(omWjWi. mcnmu i s f- ^>i?xa?i p^m i s 

[000 2] 

[Se*Ofi?J^j] MO S F E TCD^Wb{Cfi^-,r . h 
5 0 nmWTO-i^- hS^W-r-SMOSF ET-C 

OSFET (MISFET) AJaSSnrt,^^. 
[0003] L-A^b. 1 Wm>&m^ 

fe. y- hSffi©f±*Bgi^*SnS!M I S F E Ti pSfM 

I SFETi-c3fu<^j:.5>. ^oyfcib. 

-h©J:^«CnMMl SFETip^MI SFETiT? 

t»fiiaE*®iE^b-r-5Ci*i^N«Ccjib< itcS. It^c, 

nSM I S F E TcD-y- hmfiB{C«f±^M^*M . 6 e 
V«T. Sl*b<«4. 3eV«T®t^*4> pMMIS 
F E T® y- h «fi5tC»f±*M»*i4 . 6 e V«±. |g 

$ b < « 4 . 9 e yicl}:.<D^m^'mttj: ^„ -5-®/c 
i'), y- l~mffiCCnSM I S F E Ti pMM I S F E T 



[0 004] f cj.r^l'^^'JUy- h7'D-feX-C(i, nS 
MI SFETipMMI S F ETi -cy- hmffi^SIJ^ 
CCJKJjR-rSi^'^JiS*.?.. ^®fc«i). nSS^CKpSMI S 
F E T*5jf5^$tl-2>Mt^*$tf^M0C-^®M 1 S F E 

T (m«nS!!) ffl®y- vmrnmAm^wMh. *o 
f*t?ffe5?®Mi SFET (m«pM) amf&tti^m 

fe3rt®y- I-^gt**4^®a.*iSiRW(c^4u. ^®f* 

r fte:?3®M I s F E T m^kt^m m<D¥-~ vmmM 

[0 00 5] nMM I S FET®y- F«S1=^ 

L/-C>'N7-'i'A^a!^, pMMISFET®y-h 

C®t&^, pSMI SFETJK^Mia®>'N7r.>5A^'fb 
bi?xh5rv:^>^<fcor. m«jliK^b*IR7K* 

[0 00 6] Lfi^Lfi*^^. f^V l>.mt<&m<D¥- 
pMM I SFET0^Mi|{®y-- H^SfeKfei-:'^ 
tCfflC^SW^^SiJ^f ifCfc, pMM I S F E TJfjRXMiS 

®y--hMMi«*5«a5nru*^<. hfc-m-^x. jb^u 
/t7=^T;u^d?;uy- h:7D-fe;^t?«. pMMISFE 
T®y- HffiiSBI®(i«tt*s:*:iHKigTurL.*^it,» 

[0 00 7] */c. fi^^STii LT. !^its:sie 1 , #1* 

■Sc3S^2m:^^f^-ScM.ZVC\%. n^MI SFETipSM 
I SFETiry- hm@®{±*M^5[*^x.e/tS?)(C, 

l»^t3?JI55&sra5^$n-ri,>S. ^^ct>^. nSfMISFE 
T®5?>y;^7^>i>';i^'f F^(CWnM:=F«1«!I^-Y:4-> 
aAL. pMM I SFET®if>y:^7->i^'J1^--r KM 
CC»pM^iK!gJ«:'f:*->aA-r.5C<fC. nMMISF 
E T®y- h«ffi®{±*M?^<t p liM I S F E T®y- 

[0 00 8] L/*iL/^fAS6, i'>y;^r->i^';-9--f FM 

ax y^ - i^tc J: T y- h*ei»isi¥®(iiStt*iigTT 

[0009] 

C!|$i^3iSK 1 ] «fBa¥8 - 1 3 0 2 1 6#^i«l 
[0 0 10] 

[m*iSlf 2 ] if#MT8 - 1 5 3 8 0 4#^^« 
[0 0 1 1 ] 

[!|$g¥*lS«3 ] !^Ba*9 - 2 4 6 2 0 6#^ifK 
[0012] 

[#B?B*5«?9iLJ:^i-rSB!IS] COJ;^{c. nMM I 
SFETipMMI SFETi-CSH,»CCf±*|1{I?^AiS^C 



(13) 
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{c n SfScx p ia©:T;#««J* -f :t >ffiA-r c: i (c 0 . 
nmu isFETipSMis F E T <t-t?y- h mffio 

[0013] :$:^BMit. ±im^<DmmimOXtj::$ti 
[0014] 

{cgiW'E.nfcMS i. m(fcfcL. M«a?>i^;^f->S 
ZJ^^'jyj'XO'pifii^TmR^itltc^TiM, x>l)^& 
^tJlll ©y- h^Si. *<i^L:fcnMM I S 

;<^f<b. ^2©y-h^Ki> Buia»2©y- hiffii^ 
$tpii2©y- hiiSi. ^ffi^fcpMMi s h^^s;" 

[0015] *:^BJtc«^S#«^iia©SJJS:^t3:, n 

MM I s h ^>i^x ^mmtiti^m i ©M^rt®^ i 

©<y-him#®iLRC>'pMMI s 
n^m2©M«rt©02©y- hiffi«^Rh(c, MS i , 

mifttcL. M»^>y;^^>scx-=e';7'-r>©4'*^6 

jlfR^n/c^TC*, Ogy< 1) ^J^fiS-r^SIgi. 

HMiam 1 ©«^rt©B«iBM s i V jg* '> y 3 > i srcs 
^xmi<ommmicMs i . 01 (fc/co, x> 1 ) 

[0016] *^BJ«:fi^^*ii^^^a©Sijg:^S«, n 

s!M I s h i'i}mm$ti?>m 1 <ommH<om 1 

©y- hiteiHfe^±S:!>'pMM 1 S h'y>i^:^^MrfmS 

n-s^2©Miirt©02©y- hi^is±(c, ms i . 
mitctcv. M«5r>y;^f->sci>'*';-7'7=>©'f*^e> 

m2 (ommiH<omiBM s i . mi<c^m^tifcu 3 

ai±lO-C02©«t|!{rt4CMS i , OSy< 

1) ^mm-ri>j:mt. i:mxtcciii<mkfr?>, 

[0017] 

[l6BJ©ll*t©m?g] OT. *l%B^©||]5fi0Ji|«:|2iiB;& 

[0018] (3l«i?fJ«S 1) la 1 ( a ) 6 ( k ) 
W. *I6BJ©|| 1 ©il)!ifefl5/l8{i:«^SM 1 S F E T (Ml 
S ©SS3tX8*jKL/fc»rffiEI-C*>^,. * 

S F E T^f'Piii-rs *>©-c*s. 

[0019] HI (a) CC^I .fc^CC, i^'J=i> 



a©y- hSf^bM (y-hif6»jg) i2,iif5i50n 

mea©:i< 'J t"; =3 >M 1 3 RUmS 5 0 n m@9f©i^ 

u=i>e-fbiii 4*^6)&:sm)i«ig4. K^te^jitK cv 
Dmni u vyv7 ^ -i^mR^R i ES^jitj^fflu-rffj 

3 >ffii5jiiMti 1 5 ^ffjia-r s , ^ e sc. =3 >^ 

{bSiA^6^£-2.i}i4 0 n mSa[©y- URiJUJS 1 6 C 
VDSaSiR I E^^B*ffllsTJKfiK-r^. 

[0 02 0] -^xiic. mi (b) {c^F;-rj;^(c, 'i':t>a 

«jgRi>'y-hffliMMl 6 4vx^ib-r. v-;:^- K 

U'('>MJt©.^(ci?$4o nm^s©s>';-t^-r KjR m 

^i^';•t^'C KM) l 8^rJfJfi£-r'2.. c©^. 
y-X • K^-f>^Si!S©K->'^•>^-<i:L/■r. nMMi^iC 
Wt*. pM^J|l{CC(i:<7U'^A5:, t:>-rnfclxiO" 
/cm' W±©F-XS-C'{^>ffiAL/'r*J<. cn6 

©Fw<>h», s^y-y^f F©e»%«J*iJU, SftWtt* 
:^itifcrsj± s s /ci*© ©-c * s „ 
[002 1 ] 02(c) tc^-r J: ^ SHit&i^ 
Bll9ibr> m«i^y =3>e!{fc)BI*CVD?*fC<J:o 

«cj:-c.'r^ia'fb-r€>c<t-t? . iy<j:3>mimi 4m/iy 

';:3>^{bKl 6©±H>&SI±JS-a:.i.. 
[0 022] >>:{C. S2 ( d ) tCTT^i'Jtc, fi^^««f 
K^fflc^-c. J^U=j>^'fblKi 4*®ra«5^Mi 9 (est 
brjMf?6«jcc^*f So c©a#{c. y-ni«{S©'>y 

3>^{bl8il 6*>, sHUi/yri^Kl 3©SF3!gS[Sr 

1 3 *. mmmmm i gsD^y- usueig i etc^rur 

[002 3] ;X(c:. ms (e) 4C7n-rJ;^(c. ^gf^© 

•t^x.;, FMafcfc-j-cys-y- f-wbi® i 2^m^-r 

C©J;^(cL.•c^#e>n/cy- hffl?«g|5©ii>;^j:< 

0 {c», y 3 >«« 1 0 *s»K{b-r«c <t-cf# 

i=>n/ci^yri>g!^bM?rfflt-i.SCli*s-Ct.5o C 
©i^ y 3 >B!{blK©«3D4^y*7Xv{c J; S 6{c 

i[{bL.fciifii^igi*, y-Fiiei»Bi2 0iLTfflt^t:fc<fc 
[ 0 0 2 4 ] y- mmm2 o 4cffli,»sift^«f*)icc 

», m«^^7::.'i;AK{b)«3!lS*tf6n4. C©/^7X 
-i^A^fbStJ, m«, HfCl, iNH, *ffltifcC 
VDS;. W<i.^©H f :'/;='^^fflC^/cCVD^i;. gcl,Hi/N 
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mi2 0 0 3-2 5 8 1 2 1 



y^v>^m^mm^^m^^t. :^^^:;^^titc^^y:^ 

[0 02 5 ] 113 ( f) (C^^J:^CC. XJ^ :; ^ 

■r6J:^«:SS0cJ:O. 1 0 n m?iSfe<Tr*-5>C 

^§n/c^>t^Xf- >^4-^-CDx;^;^+^-JS:l 0 0 e 
VJ:UT. M^L<«5 0 e V^TtC-r^Ciif^iSiSL/ 

;b+'--^C-reC<i:-C. TJ*CDy-hjtej^Ji2 0--i5r>i5^ 

[0 02 6] S4 (g) ^Cw<t^^\c^ XJ^v^ 

2 2 «r^ffliC»J^-r -So y >!S2 2 ooM/lfcS. d>J& 
/c. ^'y :3»g2 2cDMi¥ii. t^^T^ i ^ ^cSSCC J: 

[oo2 7]^;:^c. m4 (h) (Dxm^cmnr^o tj: 

m4 (h) 7&>6tS. H<^rS]:^>oraBK^nMM I S 

F E rmmmm. mm p s!m i s f e rmfsmmtr 

[0 02 8] y^c^c. 135 ( i ) iciT^-Tc^^^c, u^:;^;^ h 

2 3*^;^iJ?<b JLo:$?>>/;:^7^>M2 1 ^x«:»^> 
yj:^ h u/v'N'-iLr. S^y ri»K2 2(DK^'/X':;^> 
y4!f^Ci-C. pMMI SFET«lJDcCD2^yr3>Ji2 

2cD^^iatRWcc^*T^o ccDi*. y-h^«^M2 



[0 02 9 ] ;xoc. S5 ( j ) iC^fct^^C. h 

2 3^mmmM^j:^xm^'ri>. ccom^. "f-bmm 
X. 5 0 0 "c- 6 0 0 vm&(DUXxmmm^n ^ o c 

(OmmmitC^fO. nSMI SFETMi^0[)^>>^X7=^> 

M2 i>^^syyn>M2 2c!:j^Lr. t^^yxf-^t^y 

V-^l FM (WS i. M) 2 4mm^in.^. 
[0 03 0] ±i3^MSCCj:or0^$n5^>^XT* 

>5^yif FM24(Dflii¥^wr^^i. flii£:^tcj:-:> 
r^>t5^xf->^'yif KM2 4 :^^'iii;&^'nr 1.^^*5^ 

<Dmmf>K M*U<«2 0ninfe<T. J:Oa*U<«l 
Onmt<T<b?^cC^J:^Cc. ^>^Xf'>li2 1 iS^y 3 

[0 03 1 ] ttc. mfmi^c^i.^x^murj:i)^'ofc^m 

CD^>yn>M2 2;5)5#iE-r^ii^CCt3:. CCO^jQt^y 
:3>®22«:K^-Yx>:,5^> ^^^<fc -:>r iSlRfigCC^* 

(D>-y n>iS2 2^^L'r*5C^rfeJ:i^o — 

yxT->^'y-9->f FM2 4i3^j:-5^^K:. 5?>:i/X7^> 
2 1 S?^'^' y =1 >K 2 2 (D^AaffifiSRilf J»®SB$Pdi 

[0 0 3 2] ^/c. ^>i^X7">5yyif^ FM (WS i 
« ]g) 2 4(CfcCt«5>S^yri>(7)ffi^J:t (>^yn>ll^a 
CDtk*) ^>:^Xf'>e/y-9-^ FM2 4tC*5Ct^:$? 
>^Xx>CDMiSi:b (^>^Xf">llT'&CDJ:t^) J: 0 

MSUl^ i^CC. i^y 3>CDM;3ci:t:05 3?>t5^XT-><Dffi 
^i:bC02fSW±r'*>-SC<h (x^2) 
[0 03 3];*:tc. S6 (k) ^CS^-Ti^tc, d7>^/X 

C^r^ffiOCitSf i^l^T. ^>^X7^>]Si2 1. ^ 
>;^X7->^'yif-{ F)S2 4RO'^>^Xy'>«S2 5CD 

- Fffl*grtiC^S^>yX7='>*^y*y''Y Fl!i2 4RO'^> 
^Xv^>m25'^K pMM I SFET$Iig(CC(*d?>i^X 
f^>!«2 lSO'i5f>i5^X7^>M2 53^>5. -^-n^tltti^ii 

[0 0 3 4] ti±(Dcl:^(CL-C. nMMISFETrti 

y-- F««g(DSTfi (y- Fiie#igi2 occs-r-ssB^^) 

:;5^^>^Xf'>5^yif^ Fli2 4r*0. pSMISF 

ETxity-hmmcomTm {y-hmmm2 0(,cm-t 
^gi55^) *i5?>yx7*>ii2 ix$>inmmui sfe 

T (CM I SFET) 7!>sf#6tl'2>o 
[0 0 3 5 ] 137^. WS i, « (Scl^^^WS iv M) 
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[0 03 6] ^y'^:^f>iy>j^^ KM (WS i , US) 

4. e e VSttWTiJjC^. ■rrCC^-<fcJ:^(C. nM 
Ml SFET(0if-'h^<Di±mmmi4. 6eViHT 

{cr^ci^^asLi^o tA:*^-ot:, x>ii-r-2.ci 

■C. nMM I SFEToy- ^^S(C®Lfc$>^';^f- 
5f>y:^-f >(Dffi^]:b©2fgJi<±r*.5,iS^. -r^ct)^ 

i^<j-t-{ h'm<oi±mmmi 4 . e e v«ft«T<t tj:^,, 
[0037] fefc, ±mi.fcmmms^-vi,t, pmm i s 

XT->yif (WS i , M) ^ffll,^-5Ci*>pJ«6-C 

pMM 1 S F E T©y- h«ffi©{±*|ig|S«4 . 6 e V 

<lt-r^Ci:-C, 4. 6 eVgSiy±©f±»Mfg[;S:;^ 
•r?.. pMMI SFET©y- hmffitcSSLfc^f^^;^ 

FET©y- hSffi{c{t. ^'^i'X^^g (y = o«c*f 
tS) ©fife. f>i'^-5^>>;-y--< (0<y<l{c*f 
Id) *«l^.5Ci*!ipJtfe-C*S, 
[003 8 ] «±©J; ^{c, *Hifi0SI(C nM 
M I S F E TRCf pS!M I S F E T^ti^tKO-T- 

M(Di±mm^^mm^t-r ■scitcj:*?. hmmisfe 

TipMM I S FET-etl^n©L.*i,>|SaEE*3aiE'fb 

[ 0 0 3 9 ] yi^mnmiskic^tnt. f- Ymm 

^/c, Se3ft©J:^{£:5f>i/;^T->i^yf--Y K^tfifc 

-C. y- MfS^I^O^iffllStcfftxfcM I S F E T*f^l^ 
[0 04 0] S/c. f>^^7^>«, y- HM5i|*J» 

{C'>yn>ig{tJi (s i o, j^) 
(S iONjR) ) ««:J|;«jtJic»fc8b. c<oM.ifih^^ 



- f-*eaK©ft«tt{C«tx/cM I S F E T*^S C i*s 

[0 04 1 ] ^c*j, ±i^L/cS6 (k) (oxmvmm-r 

©iaJ66xft©fciti©*>©r*S. Ltciii-^X. ^>yx 

7^>';-t^'fKlffict^)fc ffiiii*©{g(, i^m^^i4 i o r , ^ 

[0 04 2] S/i:, 06 (k) ©IfKcfcC^r, 
5^mm-r6J:^t,CLX'b<i:i.\ 

[0 04 3] s/c. 0 5 ( j ) coxmicist^^xmrnrnx 

SJt;L^j*i-,fc^J©*/.;a>jg22*^SU)&:*^ofc 
ti^CC«, 06 (k) ©XS(C*jt,»-C^f>y>^7->|g|2 
5 *JfJS£ L/!tf^{C|^MS^?f C ©I^MSifC cfc o r ^ 
SiJ©i> a 2 2 <t ^» > y;^ 7- >JK 2 5 i ^Slc;$ -tf 

'ikicm&min -o x^m<D-> U3>jg22<t^^f>i* 
[0 04 4] $6,{c. iaicfciiifij^sgrti, pMmi 

SFET©y- haiffi©«Ta*rSr>y>^^>Jg2 1 i 
t> nMMI SFET©y-hmg©gT«*^>y^ 
T-^i^Utf-r K]g2 4iL/c*s, pSMISFET©y 
-l-«ffi©«Te&*y7'7^>jSiCx. nMMISFE 
T©y- hmffi©ST®^^i;yf^>*,y-i^^ KfflliL 
r*>J;i,v c©«^. ±MLtcmmx^xm^^fci'>-ir 

©1tl4<&?r:TCi*ie. -JlS:fi<J{C#^«, nMMlSF 
ET©y-h«@{co(,i-c»MoS (x>l. J: 
•3SI*0< (ix^2 ) pMM I S FET©y" hai 

stcoc^rttMos i, M (ogy< 1) tmmr^c 

[0 04 5] (*jtffjfig2 ) 0 8 ( a ) ~0 1 0 { i ) 
*^?B©0 2 ©**ff^f^^C«KSat£M|{*J|g©»|jg;^ 
Sfe*m5S;fi«J(C^ L /cK ®0 -c* S . 
[0 04 6] sr. 08 (a) tCfrkt^'HC. SR^Bt 

SBiiJt 1 0 1 i^vfcm^rBiy')::i>mm (mmwm^) 
ioo±{c. '>>jaymimi 0 2 'S:mis,-r?>, 

3*isgi-r-5o 

[0 04 7]i>:{C. 08 (b) t,Cnk-rJ:6ttC. 

pMM I S i—JlyiyX^Ami&^h^m^ ( p 
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(C, 1 000'C> 5#©JKl53®*Jfi-rCi{C<j:o-C. V 
• K U >tR^<D-gR^c^ife«JJl 1 0 5 ^Bf&t 

[0 04 8} iX«C. S8 (c) {cjj^-rJ:5«c. v;=i> 

^{tM I 0 QRzj^u <)=i>mitm 1 0 7 *^®{c^«-r 
•5. ^s.-'y-hm&co 
mm±i>cm9imi>ciy >; ^ >mim i o e v => >m 
itmio7=^m-r<, m^^x. nMos$it^cc«p* -it 
>i^^y&.Kb, pMosmmimB' 

HI 0 8 ^JfJfiSf 

[004 9} i>c{c, 09(d) fc:^-r 0: ^ (c> mfmm 

(CMP) ic^-jxmmmmmi 0 9>?:^mito. 

[0 05 0} ;xtc, H9 (e) (c^-r<fc^(c, ^•itese^ 
';3>^i os^^iL", 3 6(c->y3>g!{b^i 0 2 
*^*-r-So c*i(cj:D. ~>y=j>««i 0 osi>'5^'; 

[005 I]^XCC, 0 9 ( f ) fCj^-Tcfc^tC, •y-'yX-? 

mmimiciiyy , skd^spcc. vfm.m 1 1 o i o 

[005 2} iXK. SI 0 (g) {C^-r<fc^tC. CVD 

fife{C<J:i3, :^ffi{C:S?>e^X7=->i^D-!f -r FM (WSi. 

JK) 1 1 i*iia-r.&. y-y^*'x<»:ur«> 

W (CO) , Riy^S i H, *fflC>-S., ^6CC, CMPS 
(cj;-,-C. 5?>:yX7">->V-9--C FMl 1 1 ^^fflitL/ 
■C, BHKl 0 9®«Di?:SfflSliS. 
[005 3} ^Xtc, 010 (h) {C5^-rJ;'5{c. ^BIBI 

<!:L.Td?>i^X7->^ (WM) 1 1 2^±m^Ciimt 

■s. puosmmim<o^iyt/7.f->m.\ 12 
[0054} ixtc. 010 ( i ) {c^-r<fc ^5 k:. mxit 

^X7->^";i^-'f KKi 1 1 *©S i 3!)5iJ>i^;:^7-»!i 
1 1 2ffliJ{caHi3n*. -e-CD*S*. pMOS«Bi|8-r«> 

nMosM^©^^>^';^7">^^';•t^-^ FMi 1 1 if) ^ 
s >i';^f->i^u-9--f FMi 1 ^mm 

^txi>. *<D^> «o/<:^Sf>y;^-f»@|l 1 2*^*-r 

^ci-c. 010 ( i ) tcn^-rj:^^citji*if#e>ns. 

[0 0 5 5 } C©J:04ctr. nMOS F ^^i^x^f© 

KJgl 1 1 pMOS F5•>i;^;^5^©->'- 

F s^(c mmm<<c f±*Bgi£fe<DiS t ^ > y x t- > 

-YFBIl 1 3^ffll.^/cCM0S F7>i^;^5f*?#SCi 

[oo56}0io (i) (Dii^mmTM<Dn^^m'<i> 

tcii>t,c. m 1 1 ic7r<-i-J:ofj:M I S+ i-^^i^ii^JiiT© 



/c*i|*^t'»;3>S«2 0 0±{C> y-Fitei^2 0 2 
;^f->i^y-y--{ FM2 0 3 (JIS 1 0 nm) HSL. 3 

6.^c^>i^>^f■>^^'J•»^^' Fje2 0 sitc^^i^xf-^ 

)S2 0 4 (if34 0nm) ^«W-r^.„ i^l^-C, Hl^if 
:7.f->iyV^-( FJ^2 0 SSO^if >i^;^7=->li2 0 4* 
7N-^-::->d/L,-cy-F«ffi*J15BX-r-5. ^©f^l. 
:^H^'4''C4 5 0 — 6 0 0 °C<DMJM.^MVt^>l!m^^7 

5^>y;^7=■>i";■^^-Y FM2 0 3tf©S i 

>M2 0 4{Cj:-:>rfflffi-r-5, 3 6{C> :^mt^m 

<om-^tf:^^mm'X4 5 o'ccomism^n'}^ cox 

^tcL-r. HI l{C^L/y<:J:^<cMI S + f^'^i'^^rf'P 
[0 05 7] 01 2». CCDJ:^(CL-Cf^till^/tMI S 

•S, !t^(a). (b). ( c ) ( d ) 

n?feMaas* 4 5 0 "c^ 5 0 0 'c. 550 mo'e 0 

0°CiL/fc<fc©-C*-5. */c. ;Sf>^X-f->i^Ut^'f F 
M2 0 3S(ydf>i^x-r>IK2 0 4©aB«i»*wr2> 
MI S + + -'>'*^:Jf©ffe, :Jf>^:^7^>e^yi^-r FM©# 
^ifjg^Wf -SM I S4^i'-'N-^'^?RO'5?>i'X7->M© 

[0058] ^©*Sm« 450 •C-eJfeSSa^tf o fcSB 
«j»?:WrSM I S=^•^'-'^•->3^®C-V#14«, a'>5/ 

x7=->'>y-9--r Fig©m)i«^*WT^M I s+f>'^•t^ 

MSSK*^!5 0 0°C. 5 5 0°CR(>'6 0 O'CiifflnfS 
{CL.fc*5oTC-V#ttW:&:^[nJ(C*^7 F 6 0 0 "C 
©«^{c». df>i^;^7^>lg©*»«tiS**-rSMl s 

^ + /N-i/$©C-V!^tt<i;— ©:rSCi*5t)A^o/c. c 

-y^<Diyvvm.ki.mmMn<D{±^m^iic)tmh. c 

'^SKj-r i>ly'):=t >©»5!)Sltft] b . 6 0 0 °C!ia©SS 
f Sftiaffi^fT-:. fc«^CC«. i!>?c < i * > ■f-^i' 
yif-f Fliiiy-FiNS^M<b©W®i5^-C». ^'>i'x^ 

[0 05 9] :*lfe!ffeffjs§«c*$t,i-r<b, »>i^;^T- 
>->yt>--r F^ (ws i, iBi^mjws IS) cc*jw 
sxffi^t,»«yfii<tf±*M*!t<!:©Mm*. miommm 

rnxmutcmi i:mmxh?>. utc-^^-ox. hmmis 

FET©^>y;^7->'>y-tf-i' KIS (WS i , BS) -c 

x> lSI*U<lixS2i/d:2>J;^icf irtj:t> 
^. *>i^Xf->i/yi^--f F«l (WS i. Bl) 1 1 HC 
•ot,^r«, x> IS* U<Wx^2ii^j:SJ:^(C-rs, 
i;fc. pMM I SF ET©^?>i'Xr>>'y-tf'f FM 
(WSi, m) y< li!ttSJ:^(cr-6. TJito 
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^>if Vm C^S m 113fC 

•oli-ri*. y< 1 <tJ5:^<l:^(c-r-2.. ttc. Ml ISO' 
Bl 2t?^0/tife^*^6*>t>*>SJ:^(C. ^««,afia^ 

{cj;-,r(*3?>i'xf->>^';-9-'f KMi 1 i^^mmmic 

pMMI SFETtc-ocs-c«, ^l^tf7.7-:^iy'}-^-< V 
m (WS i, M. 0<y<l) 11 3<m*50{c3f>5' 
Xt->M (WM. y = 0 (cm) *fflt»-2> c iAJDjtfeT 

[006 0] IU±©J; ^tc. *||ife0S8«: J:n«. nM 
MI SFETRO'pSSMI SFET^n^ncDy-hm 
S©f±*Ml^<fc^-(t-r-5C:<!:(Cj:i3> nStMISFE 
TipMMI SFET-en^tl©b#t,»fiimEE?rajOE{fc 

[ 0 0 6 1 ] * yt. *iijijf^sicc<j:n«. vmm^ 

«ffi*5fie*©4: ^ {c -i; i h X -y > ^^it-f^WtSigSiJ^ 

MI SFET'Srf'PSi-rSCiAloTfigifeS. 

[0 06 2] J^cfc. *lt6feffJ.^-C«, 5?>i/'Xf->S^ 

•y--/' KRi 1 icov-;^:*/;^ (figMffl**;^) <tL/rw 

(CO) e VlXJfS i H, *fflt,»/c3!)J> W<DV—7.ij7.lX. 
»WF. ScCHJWC 1 e %v Si ©y-;^*'X{c«S i 
CI, . S i C U ^C»»S i F« ^fflC^SCifc 

[0 06 3] *itefeJI5SI(Cfct>-C. 

i^yi^^" KiRi 1 itffo;^ (p) ^(,»f*t^ (As) 

As*^WS-y--5.1»^{C«, PCDV-X:t/XiL/-C 
FI®CCP-?>As^©:T:«i|?5%«W3-«*SCiT. 

[0 06 4] i^^m&rc\X, 4f>«';^f->i^>J 
tJ-'f KBIl 1 1 >|S (^KIS) 1 1 2%JS 

tc;3-a-S<=i:^{CU/c*i. 5r>i/X7=->Rl 12©f-^*D«3 
(CPt, Pd. Ni> Co. W, Mo. SbSO'Bi© 

[006 5] 3 CfC. :*^Jfefl5fig-C«. nMM I S F E 

Tcoy- ^«ffi^c^^>^/xf■>$^';•»^-^ KBii i i%ffl 

pMM 1 S FEToy- hmWcif>i/;^f->->'; 
if-f FHSl 1 3 ?rffiCi/c*ii. cn6©3f>^;^f->J^y 



Fail 1 i©f^i*Di3{c-=e';r^r'>i^';i^-i' f 

CiAloJtlr*^, Mo©V-;^;</X«Ctt, Mo (C 
O) a , MoF»^m*MoGle *fflt<^-SCi*5pJgg 
-C^)-?). S i©V-;^Af;^(C(i. S i H, , S i H, C 
1, . S i CI . ^0>i*S i F, ^fflti^CiA^nJtfe-C 
•=ei;:/-r>i^'J-9--f Fjetc-ot^Tfc. 07 

1 S FET®y- Fm»c:oc^-C»Mo S i, (x> 
1. J;«)ll*U<»xS2) 4. pMMISFET©y 
- h^{cot,ir«Mo S (0 ^y< 1) «r3Sffl 

[006 6] fe(±. 2|s:%BjcD||SSjgSi;S:SiBju:fc*s. 

iTSSoitfe-c*^, s»=>(c, ±iai|]5ififfmc«a<r©SPf 
^t>-a-.5c<i:{Ccfco-r«^©^B^7!)3}ii±53nfis, FJ^ 

^nrfe. m3t©?S!lS*i^6ti-5fc©t?*ti«BBJiL/ 
[0067] 

y- h 7-n-fex*fflc»/c*ai»^g©raM**^*?{C#5 

[0®©®^^C§iHJ] 

1 ] ^mmw. 1 ©*ssjf?.^K^siiijsf*^g©is{ 
[02] ^mmom 1 ©^]i&^<^(c^'&3|£^^a©ss 
[03 ] :^mm<Dm i ©ii)5ifljsi(c(*^ijia»»$ga©ij{ 
[04 ] :^mm(om i ©iijfe^5fig(c^s^<i2»i**is©$i 

3&Xe{C-:>(,i-C-e©— 95*^ 1/ Ai»rS0-C* 
[0 5] :$i^BM<Dm 1 ©IIJfi?fJ,«{C^S¥i»l*$IB©$!i 

igXH^C o I, ^ ©— gU?: ^ b /c»rM0 f -2, . 

[06 ] :^mm<Dm i ©3i*f0f$si(c«^sifi«^^a©ij 

[07] WS i. IS (*t»»WS i, m) {C*jltSx« 

(^C>«yffi) <!:f±«MI5[©K^=&7SL/c0-C*^„ 

[0 8] :$i§im(om2<Dmmiimi,cmi,^mi^^s<Dm 
jtxfi(c-:>i,>r-€-©— 8B*^b:rcWfES0r**. 

[09] *l6BJ©m 2 ©llttJfJJ®{c(?^S^{i»«:J?a©li 

[010] :^^m(Dm2<ommmi&icmi>^mwim<D 
[011] *^Bj©i»2©^0ji{cissi9, fmm<Dn 
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[01 2 ] HI l(,c^sbfcJ:'>tm^^m't^M IS^ * 1 7--y--;^ • FUH^>S£tS« 



Hr*^o 1 9 

m^omm] 2 1 

10. 100. 2 0 0 r3>sffi 22 

11. 101. 201 '"mf-^mmm 2 3 

12. 20. 110. 2 4 

13. 1 0 3-^Mb^>>'; ri>Hg KM 

14. 1 0 6-5^y r3>^{bli 10 2. 
1 5-it>>^7=*>^>a>S£tStJi«i^ 1 0 5. 
1 hffliJSli * 



1 0 9- 

2 5. 1 1 2. 2 0 4'-df>i^X7*>M 
111. 113, 



2 0 3-^>t5^XT'>5^';if 



10 7' 
1 OS- 



F ^--A(##) 4M104 MOl BBOl BB04 B805 BB06 
BB07 BB16 BB18 BB20 BB26 
BB28 BB38 BB40 CC05 DD03 
DD37 DD43 D045 DD78 [X>83 
DD84 DD91 EE03 EE09 EE16 
EE17 FF13 FF18 CG08 GG09 
OGIO GG14 HH16 
5F048 AA07 AA09 AC03 BAOl BBOl 
BB04 BB08 BB09 BBIO BBll 
BB12 BB13 BB14 BB18 BC06 
BD04 BF06 BG13 BC14 DA27 



3P 2003-258121 A5 2004.12.2 



mffB] TO16¥12^2BC2004.12.2) 

l^m^^] #P32003-258121CP2003-25812]A) 
l^mU] ^fifcl5d^9^12BC2003.9.12) 
[aiM#-t] #®2002-344226CP2002-344226) 

H 0 1 L 21/8238 

H 0 1 L 21/28 

H 0 1 L 27/092 

H 0 1 L 29/423 

H 0 1 L 29/49 
[F I] 

H 0 1 L 27/08 3 2 1 D 

H 0 1 L 21/28 3 0 1 S 

H 0 1 L 29/58 G 
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